Three hybridomas which secrete antibodies to Mycobacterium avium were obtained by the fusion of p3ul myeloma cells with spleen cells of mice immunized with M. avium culture sonicate. The reactivity of these monoclonal antibodies was determined in 16 species of mycobacteria by an enzyme-linked immunosorbent assay. An Mycobacterium avium and M. intracellulare are often referred to as the M. avium-M. intracellulare or M. avium complex. These two species are difficult to differentiate by conventional culture and biochemical tests.
Mycobacterium avium and M. intracellulare are often referred to as the M. avium-M. intracellulare or M. avium complex. These two species are difficult to differentiate by conventional culture and biochemical tests.
The M. avium complex is of major clinical importance as it causes tuberculosislike pulmonary diseases as well as local and disseminated infections in immunocompromised patients (3, 11, 25, 26) . Acquired immunodeficiency syndrome has significantly increased the frequency with which the M. avium complex is isolated in the laboratory. Treatment is difficult because the complex is resistant to most antituberculosis drugs. Often a combination of three to five drugs is given to a patient (9) .
Antibodies are widely used for the serological typing and taxonomic classification of several genera of bacteria. This has contributed much toward a better understanding of the structural constituents of bacteria. Monoclonal antibodies (MAbs) can be used as highly specific probes to investigate the antigen determinants present on particular molecules and also as diagnostic reagents for localization and quantitation of antigen in infected material (5-7, 10, 12, 13, 16, 19, 20) .
We constructed a hybridoma which secretes an antibody specific for an antigen of M. avium and then estimated the lymphoproliferative capacity and eliciting activity of delayed-type hypersensitivity of the antigen recognized by the MAb.
MATERIALS AND METHODS
Mycobacteria. Reference strains of 16 species of mycobacteria were donated by H. Takahashi, National Institute of Health, Tokyo, Japan, and M. paratuberculosis was donated by Y. Yokomizo, National Institute of Animal Health, Tsukuba, Japan. A total of 29 strains from patients and 4 strains from birds were identified as belonging to the M. avium complex by conventional culture and by biochemical * Corresponding author. tests and were maintained on Ogawa egg medium in our laboratory.
Antigen preparation. Mycobacteria were grown in Sauton liquid medium at 37°C for 6 to 8 weeks. The entire mycobacterial culture was sonicated (200 W; Tomy Seiko Co., Tokyo, Japan) for a total of 60 min in an ice bath, with resting every 15 min. The supernatant was collected after centrifugation at 30,000 x g for 30 min at 4°C. The antigen compound was then precipitated from the supernatant with ammonium sulfate at 80% saturation. The pellet was dissolved in a small amount of 10 mM Tris hydrochloride-150 mM NaCl of pH 7.5 and dialyzed against the same buffer. The protein content of the antigen was determined by the technique of Lowry et al. (18) , and the antigen was kept frozen. Ogawa egg yolk medium for cultivation of M. lepraemurium and 7H10 agar containing egg yolk and mycobactin for M. paratuberculosis were used.
Production and purification of MAbs. Female BALB/c mice 4 weeks of age were given the antigen of sonicated M. avium (100 ,ug of protein) in incomplete Freund adjuvant (Iatron, Tokyo, Japan) subcutaneously into the footpads, twice at intervals of 2 weeks. At 1 month later the same dose of the antigen in phosphate-buffered saline was given intraperitoneally to mice, and the animals were killed 3 days after the third injection.
Spleen cells of the immunized mice were fused with p3ul myeloma cells by using polyethylene glycol 1500 as the fusing agent, according to the method of Kohler and Milstein (15) . Hybrids were screened for antimycobacteria reactivity by enzyme-linked immunosorbent assay (ELISA). Hybrids reactive with M. avium antigen were cloned at least twice by limiting dilution and grown as ascites-producing tumors in the peritoneal cavities of pristane-primed BALB/c mice. MAbs were purified from the ascites fluid by chromatography on protein A-Sepharose 4B Affinity purification of antigen Avi-3. M. avium sonicate was subjected to the affinity column with MAb Avi-3. After the column was washed with three different buffers (see Materials and Methods), the bound antigen was eluted with 1 M acetic acid-2 M urea (pH 2.8). The purity of the Avi-3 antigen preparation was investigated by using SDS-PAGE. Direct Coomassie brilliant blue staining of gels (Fig. 1, lane  B) or amido black staining of nitrocellulose blots (data not shown) showed a single band with a molecular weight of about 27,000. Immunoblot analysis revealed that the purified antigen was recognized by MAb Avi-3 (Fig. 1, lane D) and rabbit polyclonal antibody to M. avium sonicate (Fig. 1, lane  C) . The yield was estimated to be 0.77% of the total protein applied.
Response of antigen Avi-3 in the skin test. Skin reactions to selected doses of antigen Avi-3 and of tuberculin PPDs are shown in Table 3 . The purified antigen Avi-3 showed strong skin test activity in guinea pigs sensitized with heat-killed M. avium. PPDs used as a control also showed positive skin reactions in these animals. The time course of the reaction to antigen Avi-3 was similar to that of the reaction to PPDs. 13.8 ± 0.9 14.5 ± 1.2 17.0 ± 1.9 4.5 + 1.5 a At 28 days after sensitization, guinea pigs were skin tested simultaneously with two antigens. The diameter of induration at the injection site was measured 24 h later. The results are the means from three guinea pigs for each group. ND, Not done. In guinea pigs immunized with heat-killed M. intracellulare or M. bovis BCG, the antigen Avi-3 gave a negative skin reaction, even when tested with 5 ,ug of the antigen, whereas PPDs elicited positive skin reactions in these guinea pigs.
In vitro lymphocyte proliferation test. Lymph node cells isolated from immunized guinea pigs were stimulated with a control buffer, antigens Avi-3, or PPDs, and the results are shown in Table 4 . Data are presented for the optimal concentration of each antigen. When heat-killed M. avium was used as the immunogen, potent lymphoproliferative responses were observed in cultures stimulated with antigen Avi-3. However, the antigen Avi-3 did not significantly stimulate cells from the guinea pigs given heat-killed M. intracellulare or M. bovis BCG. On the other hand, tuberculin PPDs strongly stimulated lymphocytes from all the immunized guinea pigs.
DISCUSSION
MAbs facilitate acquisition of antigens of high purity from mixtures associated with a microorganism. We prepared and (1, 2) . A commercial kit is available for culture confirmation and identification of species belonging to the M. avium complex. These DNA probes for identification of M. avium complex isolates were evaluated for accuracy and application for use in the clinical laboratory (8, 14) . To confirm the binding specificity of MAb Avi-3, we investigated reactivity of the antibody in 29 clinical isolates which had been identified as belonging to the M. avium complex (conventional culture test) and then differentiated M. avium and M. intracellulare by DNA:RNA hybridization by using a commercial kit. MAb Avi-3 reacted to all isolates positive with the M. avium probe but not to M. intracellulare probe-positive isolates, thereby indicating that MAb Avi-3 is specific for M. avium. All isolates reactive with MAb Avi-3 grew at 45°C.
Purification of protein antigen from mycobacterial extracts is a prerequisite for the detailed analysis of the role of each of these components in the immune response to mycobacteria. Immunoaffinity chromatography using MAb Avi-3 provides a simple one-step purification procedure for 27-kilodalton antigen of M. avium. In initial experiments in which the bound antigen was eluted with 1% acetic acid-2 M urea (pH 2.8) after the column had been washed thoroughly with 50 mM Tris hydrochloride-0.5 M NaCl (pH 8.6) and 30 mM barbital-acetate-2.4 M urea (pH 6.8), several contaminating antigens were eluted, in addition to the 27-kilodalton antigen (data not shown). By adding the step of washing with 10 mM Tris hydrochloride-0.5 M NaCl containing Tween 20 at a concentration of 0.05%, 27-kilodalton antigen was isolated with no detectable contamination (Fig. 1) .
It is well documented that protection against mycobacteria is mediated by T-cell response (3); thus, it is important to understand the interaction between T cells and mycobacterial protein antigens. In in vivo results from skin tests or in vitro results from lymphocyte proliferation assays with cells from guinea pigs sensitized with M. avium, the antigen Avi-3 reacted significantly (Tables 3 and 4 ). However, in guinea pigs immunized with M. bovis BCG or M. intracellulare, the antigen showed weak in vivo and in vitro T-cell responses. On the other hand, PPDs showed strong skin and blastogenic activities in all immunized animals. These results indicate that the immunodominant T-cell-stimulatory determinant of the antigen Avi-3 is species specific.
Schaefer (21, 22) utilized surface antigens by devising a seroagglutination assay for the purpose of identifying and classifying M. avium-M. intracellulare-M. scrofulaceum complex. He recognized that serologically active specific substances could be extracted from lyophilized serotypes with boiling methanol. The extract was active in complement fixation tests when examined with specific antisera. Brennan and Goren (4) reported that among the 31 serotypes in the M. avium-M. intracellulare-M. scrofulaceum complex, the serological specificity resides in short oligosaccharides which modify a relatively invariant monoglycosylated fatty acyl peptide core.
Several protein antigens specific for the M. tuberculosis complex or M. leprae have been characterized, but this has not been done for M. avium. Since M. avium-specific atitigen Avi-3 shows both B-cell and T-cell responses, the antigen may facilitate diagnostic serological testing and specific skin testing.
